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Chapter Two:
Sidereal Clock
Craig A. Rowe 2005 49
Sidereal Clock:
EcosystemType:
Developed Landscape
Vision:
The sidereal clock is where global 
rotation and time can be learned 
through the exploration of a “star 
clock”.
Program Elements:
Permanite Star Clock Exibit
Picnic Tables
Lighting
Setting Sun of the Equinoxes
Set
tin
g S
un 
of 
the
 W
int
er S
ols
tice
To Sunset Overlook
To 
Ob
ser
vat
ion
 Fi
eld
Sidereal Clock Observatory
Alignments:
-Orbital Ring with 
Observation Building
and Geogarden Shelter
-Setting Equinox Sun 
from Observatory
Walking Distance from:
- Observatory - 6.5 min (1,000 ft.)
Alternative Uses:
Picnic Space
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Using the Clock:
To use this clock there are three 
simple steps.
1) Rotate time wheel to where the 
arrow points  to the current date
2) Facing North, rotate the entire 
clock to match the sky
3) Read the time from the lowest 
point of the circle
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Sidereal Clock:
The sidereal clock will be located 
at the head of a small picnic area. 
By observing Polaris, the North 
Star, as the axis for the rotation 
of the sky we can determine 
the approximate local time. 
“Sidereal” refers to the stars, just 
as solar and lunar do to the sun 
and moon.  Once the local time 
has been established the time zone 
time can be found by subtracting 
approximately 35 minutes to 
account for the position of the site 
within the time zone.
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Model of “Pocket Sidereal Clock”
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Chapter Three:
Observation Field
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Observation Field:
Ecosystem Type: 
Meadow/Grasslands
Vision:
The observation fi eld an is an 
interactive observation space with 
movable astronomy equipment 
and an integrated star chart.
Program Elements:
Seating, Movable Altitude/
Azimuth Instrument, Lighting
Alignments:
-Orbital Ring with Garden Station
-Setting Winter Solstice Sun
from Observatory
Walking Distance from:
- Sidereal Clock - 6 min (900 ft.)
- Observatory - 12.5 min (1,900 ft.)
Alternative Uses:
Grasslands Observation
Curve of wall represents ecli
ptic 
pat
h
Pav
em
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Ra
mp
Raised Platform
Altitude/Azimuth 
Observation Space 
Seating Wall
Portable Telescope 
and Naked Eye 
Observation Space
25’
50’
Observation Field:
The plan above shows the spaces of the observation fi eld.  It consists of 
two main areas, a slightly raised area for portable telescope observation, 
and the Altitude/Azimuth circle where stars can be measured.
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Seating and Lighting:
The elevation above shows a 
typical slice through the site.  The 
wall that circles the perimeter is 
set at seating height.  Installed 
within the wall are lights with 
red filters.  The lights are directed 
downward to illuminate the 
ground, but not the sky.  The 
red filters help to maintain night 
vision by utilizing the color with 
the longest wavelength.
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Altitude/Azimuth Circle:
Model:
The Model is a device that is 
designed to measure Altitude. 
Altitude is measured from horizon 
to zenith (the point directly 
overhead).  A tube is utilized to 
aim a person’s vision to a specific 
point in the sky.  The side of the 
device has degrees marked upon 
it for determining the degree of 
Altitude of that point in the sky.
Diagram:
The diagram is an illustration 
of how Azimuth is measured. 
North is zero degrees and other 
directions are measured clockwise 
from there.  In the site, the Altitude 
devices run around the circle on a 
track allowing them to face all 
directions.
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Chapter Four:
Sunset Overlook
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Sunset Overlook:
Ecosystem Type: 
Lake Edge
Vision:
The sunset overlook is where 
the setting sun can be observed 
and interprited to determine the 
approximate date.
Program Elements:
-Setting Sun Markers
-Observation Deck
-Lighting
Alignments:
-Southern Node on Polaris lay 
line
-Setting Equinox Sun from 
Observatory
Walking Distance from:
- Obs. Field - 21 min (3150 ft.)
- Observatory - 28.5 min (4,250 ft.)
Alternative Uses: 
Lake Observation
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June 20
December 20
March 20
February 5
May 5
May 21
April 21 August 21
August 5
July 22
September 20
November 5
October 21
November 20
February 20
January 20
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Sunset Overlook:
Left:
The image to the left shows the 
relationship of the overlook to 
the landscape around it.  Markers 
in the lake help to enforce the 
location of the setting sun on 
different dates throughout the 
year.
Above:
The image above shows the plan 
for the overlook.  A vision tube, 
with proper sun shielding fi lters, 
can be directed toward the setting 
sun.  By using the marks on the 
ground, or the distant markers in 
the lake, the approximate date can 
be determined by the sun’s setting 
location.
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Chapter Five:
Solar Puzzle
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Setting Sun of the Summer Solstice
Solar Puzzle
East to Lunar Deck
South to 
Sunset Overlook
Wetlands Overlook
Angle to Observatory
Solar Puzzle:
Ecosystem Type: 
Seasonal Marsh
Vision:
The solar puzzle is an interctive 
space where sunlight can be 
explored with sundials, mirrors, 
and shadow fi lters.
Program Elements:
-Sun Dial
-Movable Mirrors, Shadow 
Patterns, and Prisms
Alignments:
-Northern Node on Polaris lay 
line
-Directly West of Moon Station
-Setting Summer Solstice Sun 
from Observatory
-Orbital Ring with Moon Station 
and Sun Calendar Markers
Walking Distance from:
- Sunset Overlook - 18 min 
(2,650 ft.)
- Observatory - 36 min (5,450 ft.)
Alternative Uses:
Marsh Observation
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Solar Puzzle:
The Solar Puzzle is an interactive 
space where different aspects of 
the sun can be explored in depth. 
Movable mirrors, shadow screens, 
color fi lters, and light spliting 
prisims and refl ectors are located 
within the space.  Children and 
guests can compete to move the 
light from one place to another via 
the avaliable instuments.  Because 
of the site’s location in a marshy 
4‘6”
2‘6”
wetlands, all instruments will be 
made movable and duarable to 
meet the changing conditions and 
needs that the site may present. 
In addition to the interactive 
elements, a large sundial towers 
above the site infecting onlookers 
with intreague and inspiration 
while keeping relatively accurate 
time.
Mirror or 
Sun fi lter
Weighted Base
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Sundial:
The sundial is calibrated to the site.  A 
large sundial would be an integral part 
of the site design.  It would be mounted 
high, to avoid the water table, and would 
mark numbered stones set into the 
ground.
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Chapter Six:
Lunar Deck
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Lunar Deck:
Ecosystem Type: 
Stabilized Dunes 
Vision:
The lunar deck is a raised 
observation deck where users can 
learn about the moon through 
interactive exibits.
Program Elements:
-Raised Observation Deck
-Boardwalk leading to deck
-Moon Exibits
Alignments:
-Directly East of Sun Station
-Rising Summer Solstice Sun from 
Observatory
-Orbital Ring with Sun Station 
and Sun Calendar Markers
Walking Distance from:
- Solar Puzzle - 55 min (8,250 ft.)
- Observatory - 37.5 min (5,650 ft.)
Alternative Uses:
Forest Observation
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Lunar Deck:
Previous Page:
The photograph shows a real 
world example for how the deck 
may appear after construction.
Ground: 756
Platform: 782
Height = 26’
Ground: 770
Pat
h o
f th
e S
um
me
r S
ols
tice
 
Su
nri
se 
fro
m 
the
 Ob
ser
vat
ory
West to 
Solar Puzzle
Below:
This diagram shows the raised 
walk and platform of the lunar 
deck.  As the ground slops down, 
the walk slopes up, allowing for a 
platform that is in the canopy of 
the trees.
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Model:
The boardwalk of the Lunar 
Deck will contain a sequence 
of educational features. In the 
center of the platform there will 
be a kinetic sculpture of the Sun, 
Moon, and Earth.  This sculpture 
will help to educate the visitor 
on how the phases of the moon 
work.  The visitor can then move 
the model to a position where 
the moon matches its current 
position.
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Chapter Seven:
Night Garden
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Night Garden:
Ecosystem Type:
Developed Landscape
Vision:
The Night garden is a place 
where plants that are of particular 
interest to night.
Program Elements:
-Seating
-Selected Plantings with Info
Alignments:
-Rising Winter Solstice Sun from 
Nature Center
-Orbital Ring with Observation 
Station
Walking Distance from:
- Lunar Deck - 43 min (8,250 ft.)
- Observatory - 9.5 min (1,450 ft.)
-Walking the Entire Loop 
Observatory back to Observatory 
approx 2 hr. 40 min. 
(times assume 50 meter/min)
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To Observatory
Nature Center
Night Garden
Path of the Equinox Sunrises
Path of the Winter 
Solstice Sunrise
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Plant List:
Plant Usage:  Plant Name:
Night Fragrance
   Cestrum nocturnum - Night Jasmine  
   Mirabilis jalapa - Four o’clock 
   Hesperis matronalis - Sweet Rocket 
   Night Gladiolus
   night blooming cereus     
Night Brightness
   Ipomoea alba - Moon Vine 
   Datura meteloides - Moon Bush
   Nicotiana sylvestris -  flowering tobaccos
   Oenothera speciosa  
   Oenothera biennis   
   Jasminum polyanthum - Pink jasmine  
Bright Foliage    
   Stachys byzantina - lamb’s ear  
   Senecio cineraria - dusty miller   
   Tanacetum densum - partridge feather  
 
Night Bloomers
   Oenothrea Biennis - Evening Primrose  
   Zaluzianskya capensis - Night Phlox  
   Silene noctiflora - Nightflowering Silene

Book 4
Appendices 
Appendix I - Research
Appendix II - Case Studies
Appendix III - Bibliography
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Chapter One:
Astronomical Motion
Appendix I:
Research...
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Overview:
From our place in the 
universe we are able to 
observe the complex 
and dynamic motions of 
our solar system and the 
universe beyond.   Many 
of these motions we do 
not even properly perceive 
from our position on the 
planet.  The rotation of the 
Earth, for example, gives 
us a geocentric illusion 
Rotation:
Rotation is one of the simplest 
concepts in astronomy.  The Earth 
spins on an axis.  The axis is known 
as the pole and carries the titles of 
North and South at either end.  All 
objects in the sky including the Sun, 
Moon, Stars, and Planets are part of 
this motion.  The Sun is the most 
obvious of these objects and, from 
the perspective of the Earth, one of 
the most fixed objects. In a single 
rotation it takes the Sun 24 hours to 
return to its same position.  This 24 
hour period is known as a Solar Day, 
unfortunately this is not the same with 
all objects.  Because of independent 
motions of other objects and the 
motions of the solar system on a much 
larger scale, different parts of the sky 
move at different rates from our 
vantage point.  The moon completes 
one cycle, a lunar day, in 24 hours 
and 50 minutes.  The stars and other 
distant objects complete their cycle in 
23 hours and 56 minutes, also known 
as a sidereal day.
In the Landscape we perceive rotation 
as a rising and falling of objects.  As 
the Earth rotates, the sky appears to 
move from East to West.  The exact 
rising and setting positions of specific 
stars and objects can be marked on 
the landscape for special purposes. 
Because of the light emitting nature 
of the Sun and the opacity of objects 
in the landscape, we receive shadows. 
An easy way to observe this in the 
landscape, and measure time as well, 
is with a sundial.  Sundials have been 
around for thousands of years and 
have appeared in many forms.  As 
objects in the landscape, shadows 
can participate in many roles to 
beyond sundial.  Patterns and images 
N S
E
W
North 
Celestial 
Pole
Ce
le
sti
al
 E
qu
at
or
that the universe revolves around us. 
When in fact  our small planet is only 
a piece of a larger system.  
The Northern sky appears to rotate 
around the North Celestial Pole.
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Precession:
Precession is the slow 
change in direction that 
formed by shadows can 
drastically change the 
character of a space. 
Rotation also defines 
our cardinal directions. 
North, South, East, and 
West are the results of 
a spherical and axial 
planet.  With no rotation 
the directions become 
arbitrary, but because 
of the axis we have a 
reference point to base 
our directions upon.
Polaris
Earth
N
S
North 
currently 
points to 
Polaris at all 
times.  The sky 
appears to swirl around 
Polaris as it remains fixed.
occurs in the axis of the Earth.  This 
cannot be observed by the naked eye 
of an observer.  As the axis of the 
Earth currently sets, the North Pole 
points very closely to a star called 
Polaris, also known as the North 
Star.  Because the star is in position 
directly to the North, those in the 
Northern hemisphere will never see 
it rise or fall, and like wise, those in 
the Southern hemisphere will never 
see it at all.  Someday Polaris will 
not be the North Star, just as it was 
not the North Star 2,000 years ago. 
Precession is a very slow process and 
takes about 26,000 years to complete 
its cycle.
Precession itself in the landscape is 
not our concern but the direction of the 
pole is.  From a vantage 
point in the landscape 
the pole remains in a 
fixed position that is due 
North, approximately 
40 degrees above the 
horizon.  All of the stars 
appear to revolve around 
it.  An object in the 
landscape could be used 
to mark the direction 
of the pole or frame a 
view of it. Although 
precession may make 
Polaris move, the pole 
remains in a fixed 
position to the North.
Revolution:
Revolution is a term to define the 
movement of the Earth around the 
sun.  One revolution can be measured 
as approximately one year.  Not 
only does the Earth revolve around 
the sun, but it does so at an angle 
that is 23.5 degrees skewed from 
that of its rotation.  The Earth’s tilt 
as it revolves around the sun has a 
tremendous impact on the planet. 
Everything from seasons to weather 
result from the tilt.  For thousands of 
years specific days in the revolution 
have been held with high importance 
and superstition.  The revolution 
is noted as having days of most of 
daylight hours, equal amounts of 
daylight hours and night hours, and 
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Equinoxes
Winter Solstice
N S
E
W
Summer Solstice
In the landscape 
the sun appears to rise in 
different positions depending 
upon the time of year. (top)
As the Earth Travels around 
the sun, the amount of 
daylight hours increase or 
decrease depending 
upon its position 
and tilt. (left)
Winter Solstice Summer Solstice
Vernal Equinox
Atumnal EquinoxAut
least amount of daylight hours.  The 
day, in the Northern Hemisphere, 
with the greatest amount of daylight 
is known as the Summer Solstice. 
This occurs because at this point in 
the revolution, the planet is tilted into 
the sun.  As the Earth progresses in 
its revolution the days grow shorter. 
Eventually it reaches a point when 
day and night of are equal length. 
This is called the Autumnal Equinox. 
After the Equinox the days continue 
to grow shorter until eventually they 
reach the Winter Solstice, the shortest 
day of the year.  Progressing beyond 
the Winter Solstice the daylight hours 
increase.  Again, when the 
daylight and night hours are 
equal, the Vernal Equinox has 
arrived.  The Cycle continues 
on to the Summer Solstice 
and repeats. The Illustrations 
demonstrate the positions of 
the Earth on these 4 days of the 
year and how the tilt causes the 
northern hemisphere to lean 
into the sun or away from it.  
Standing on the Earth the sun appears 
to rise in a slightly different position 
each day.  In the summer the sun rises 
furthest to the North and travels its 
longest path.  In the winter the sun 
rises furthest to the south and travels 
its shortest path.  By observing and 
marking these positions one can 
determine the longest and shortest 
days of the year.  It may concern you 
that stars do not change position as 
the sun does.  This is because they 
are at such a distance from the Earth 
that only the closest stars can be 
measured to have even the slightest 
shift through a telescope.
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Chapter Two:
Measurement Systems
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Overview:
Before anyone can attempt to locate 
anything in the sky they must first 
understand the coordinate systems 
that have been designed for just 
that purpose.  The Geographic, 
Equatorial, and Horizon Coordinate 
systems are tools that astronomers 
and geographers use to chart and 
locate objects on the land and sky.
The Geographic Coordinate 
System:
The Geographic Coordinate System 
is familiar to most people.  To 
many it is known as latitude and 
longitude.  Latitude and longitude 
can become confusing if you don’t 
know the difference between the 
two or know where to measure from. 
To distinguish between the two just 
remember, latitude lines make a 
ladder, and longitude lines are always 
long.  To complicate 
the system even 
further the latitude 
lines run East/
West, but measure 
North/South, and 
vice-versa for the 
longitude.  The next 
issue of concern is 
where to measure 
from.  Latitude 
is measured off 
of the equator 
and circles the 
120° W
110° W 100° W 90° W
80° W
70° W
40° N
30° N
Longitude
Latitude
The diagram above illustrates latitude and 
longitude lines in the United States of America.
Earth in intervals approaching the 
poles.  These horizontal lines are 
also known as parallels because 
they are all parallel to each other. 
At the equator, exactly half way 
between the North and South Pole, 
latitude is 0.  At the North Pole it is 
90 degrees North, and at the South 
Pole it is 90 degrees South.  Latitude 
is always a value between 0 and 90 
degrees North or South.  Longitude is 
measured differently from Latitude. 
Longitude lines run from pole to pole 
instead of around the globe.  They 
are also known as meridians.  The 
Prime Meridian, which measures 
0, is located through the Royal 
Observatory in Greenwich, England. 
From there you measure East or 
West.  Exactly opposite to the Prime 
Meridian is the International Date 
Line, which measures 180 degrees 
East and West.  Therefore Longitude 
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is always a value between 0 and 180 
degrees East or West.  It may seem that 
the Geographic Coordinate System 
has nothing to do with astronomy, 
but you must remember that the sky 
appears different depending upon 
where you are in relationship to it.  It 
is important to calculate your exact 
position when aligning the landscape 
to the sky
.
The Equatorial Coordinate 
System:
The Equatorial Coordinate System is 
very similar to that of the Geographic 
Coordinate System.  Hypothetically, 
if someone were to place a glass 
sphere around the Earth and draw 
the lines of Latitude and Longitude 
upon it, then expand that sphere 
away from the surface and 
into the sky, you would 
have created the Celestial 
Sphere with the Equatorial 
Coordinate System upon 
it.  Only instead of Latitude 
and Longitude we now 
have Declination and Right 
Ascension.  Declination 
behaves in a similar way 
as Latitude.  Instead of 
the Earth’s equator we use 
the Celestial Equator, an 
imaginary ring projected 
out from the equator of the 
Earth and onto the Celestial 
Sphere.  Declination is 
The diagram above shows the Celestial Sphere 
around the Earth.  The Celestial Equator circles the 
Celestial Sphere and the ecliptic is shown tilted 23.5° 
from the equator.  The R.A. and Dec. of the Sun on 
the Solstices and Equinoxes are shown.
Celestial Sphere
Earth
Vernal Equinox
Atumnal Equinox
Summer Solstice
Winter Solstice
Eclip
tic
Celestial
 Equator
18 H 00M
-23° 26’
12 H 00M
0° 0’
06 H 00M
23° 26’
00 H 00M
0° 0’
utu
measured North and South of the 
Celestial Equator.  At the North 
Celestial Pole the Dec. is 90 
degrees, and at the South Celestial 
Pole the Dec. is -90 degrees.  Right 
Ascension behaves in a similar way 
to Longitude.  Instead of measuring 
R.A. in degrees we use hours.  This is 
convenient because we can use these 
numbers to calculate time.  R.A. is 
measured all the way around the 
sphere.  Zero hours is located at the 
Vernal Equinox.  If you recall, the 
Vernal Equinox is a day of the year 
when the day and night are of equal 
duration.  How can it be a location in 
space?  The Vernal Equinox in space 
is the point where the Ecliptic, the 
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path of the sun, crosses the Celestial 
Equator.  Therefore this event can 
be marked in both space and time. 
Likewise, the Summer Solstice is 
R.A. 6H, the Autumnal Equinox is 
12H and the Winter Solstice is 18H.
The Horizon Coordinate System:
The Horizon Coordinate System is 
entirely different than the Equatorial 
and Geographic Coordinate Systems. 
Instead of using the Earth’s axis as 
a center point, the system revolves 
around the user.  It is not a fixed 
system.  The measurements for a 
specific object will change from 
place to place and depending upon 
Zenith
90°
Nadir
Horizon
45°
0°
North
0°
South
180°
East
90°
West
270°
Zenith
Azimuth
Altitude
The illustrations 
above and below show 
Altitude and Azimuth 
in context.
time.  The methods of 
measurement are known 
as Altitude and Azimuth. 
Altitude is measured as 
the distance above the 
horizon.  An object resting 
on the horizon would have 
an Altitude of 0° .  An 
object at the observer’s 
zenith, directly above 
them, would have an 
Altitude of 90°.  Azimuth 
is measured as a direction 
on the horizon.  Azimuth is 
calculated clockwise from 
the zenith with North as 
0°, East as 90°, South as 
180° and West as 270°. 
When converting between time and degrees, 
there are a few simple tricks to help you 
along the way.  360 degrees equals 24 
hours, therefore one hour equals 15 degrees. 
Degrees, like time, are subdivided into 
minutes and seconds.  One degree equals 
60 arc minutes, and one arc minute equals 
60 arc seconds.  So when converting time to 
angles multiply by 15, and when converting 
angles to time divide by 15.  Here are a few 
shortcuts to simplify the process.
1 H = 15°   1 m= 15’     1 s= 15”
1°= 60’      1’= 60’        1°= 4 m     1’= 4 s         
H=Hours    m=Minutes          s=Seconds  
°=Degrees   ‘=Arc Minutes   “=Arc Seconds
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Chapter Three:
Calculations
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Calculations:
Finding the locations of the 
rising and setting sun can be a 
complicated task.  Thanks to the 
computer age we can skip many 
of the complex steps in this 
process.  Advanced astronomy 
software will assist us through 
the process.
Finding your Latitude and 
Longitude:
Finding Latitude and 
Longitude can be done online 
at various map engines such as 
www.maporama.com or terras
erver.microsoft.com  The table 
below contains a list of Indiana 
cities and their approximate 
Latitude and Longitude.
Our site is located at 41º 01’ 00” 
N 85º 14’ 16” W.
Indiana - Latitude and Longitude Quicklist
Anderson                   40° 6’ N       85° 37’ W
Bedford                    38° 51’ N     86° 30’ W
Bloomington               39° 8’ N       86° 37’ W
Columbus, Bakalar AFB     39° 16’ N     85° 54’ W
Crawfordsville                    40° 3’ N       86° 54’ W
Evansville AP        38° 3’ N      87° 32’ W
Fort Wayne AP          41° 0’ N      85° 12’ W
Goshen AP             41° 32’ N     85° 48’ W
Hobart                   41° 32’ N     87° 15’ W
Huntington            40° 53’ N     85° 30’ W
Indianapolis AP     39° 44’ N     86° 17’ W
Jeffersonville         38° 17’ N     85° 45’ W
Kokomo                     40° 25’ N      86° 3’ W
Lafayette               40° 2’ N        86° 5’ W
La Porte               41° 36’ N      86° 43’ W
Marion                 40° 29’ N     85° 41’ W
Muncie                 40° 11’ N     85° 21’ W
Peru, Grissom AFB       40° 39’ N     86° 9’ W
Richmond AP         39° 46’ N     84° 50’ W
Shelbyville              39° 31’ N     85° 47’ W
South Bend AP         41° 42’ N     86° 19’ W
Terre Haute AP        39° 27’ N     87° 18’ W
Valparaiso               41° 31’ N     87° 2’ W
Vincennes               38° 41’ N     87° 32’ W
Determining Dates & Times:
After you find your exact location 
you must determine what you want 
to find.  In our case we are looking 
for the Sun.  More specifically we are 
looking for the Rising and Setting 
Sun on the Solstices and Equinoxes. 
Therefore we must determine 
two things; on which days are the 
Solstices and Equinoxes and at what 
times on those days does the Sun rise 
and set.  Below is a table of Solstice 
and Equinox dates between 2000 and 
2010.
After we have established exact dates, 
the next step is to find the times of 
the Rising and Setting Sun on those 
dates.  For this task I have employed 
another website. The website 
located at www.weatherimages.org/
latlonsun.html contains an easy to use 
form to calculate times for the Sun and 
Moon.  The user enters their latitude 
and longitude, date and time zone 
(Indiana is currently 5 hours West of 
Greenwich England/Universal Time). 
The results of the Sunrise and Sunset 
times are listed in a table below.
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Dates for the Solstices and Equinoxes 
between 2000 and 2010
Vernal equinox            Summer solstice         
2000-03-20 07:26       2000-06-21 01:37       
2001-03-20 13:15       2001-06-21 07:25       
2002-03-20 19:04       2002-06-21 13:13       
2003-03-21 00:53       2003-06-21 19:01       
2004-03-20 06:42       2004-06-21 00:49       
2005-03-20 12:31       2005-06-21 06:37       
2006-03-20 18:20       2006-06-21 12:25       
2007-03-21 00:09       2007-06-21 18:13       
2008-03-20 05:58       2008-06-21 00:00       
2009-03-20 11:47       2009-06-21 05:48       
2010-03-20 17:36       2010-06-21 11:36       
Autumnal equinox       Winter solstice
2000-09-22 17:12       2000-12-21 13:25
2001-09-22 23:01       2001-12-21 19:15
2002-09-23 04:49       2002-12-22 01:04
2003-09-23 10:38       2003-12-22 06:54
2004-09-22 16:26       2004-12-21 12:43
2005-09-22 22:15       2005-12-21 18:33
2006-09-23 04:03       2006-12-22 00:22
2007-09-23 09:52       2007-12-22 06:12
2008-09-22 15:40       2008-12-21 12:02
2009-09-22 21:29       2009-12-21 17:51
2010-09-23 03:17       2010-12-21 23:41
Times for the Sunrise and Set on the Solstices and 
Equinoxes  Universal Time - 5h 
Vernal Equinox   
Sunday   20 March 2005                    
Sunrise                   06:44                 
Sun transit             12:48                 
Sunset                    18:54
Summer Solstice
Tuesday   21 June 2005            
Sunrise                   05:09                 
Sun transit             12:43                 
Sunset                    20:17 
Autumnal Equinox
Thursday   22 September 2005                 
Sunrise                   06:29                 
Sun transit             12:34                 
Sunset                    18:38
Winter Solstice
Wednesday   21 December 2005          
Sunrise                   08:03                 
Sun transit             12:39                 
Sunset                    17:16 
Finding Azimuth:
To orient objects in the landscape 
we must find out the azimuth in the 
direction of the celestial object.  In 
our example we are finding the Rising 
and Setting Sun on the Solstices and 
Equinoxes.
h t t p : / / w w w . j g i e s e n . d e /
sunmoonpolar/ is a website that 
contains a program for locating the 
Azimuth.  To use the software we insert 
the date, location, and time zone.  The 
software outputs a plot of the path of 
the Sun around the Earth for that day. 
It also marks the azimuth of the rise 
and set.  By entering a specific time 
the software will also find the altitude 
and declination of the Sun.  Below is 
an example of the output plot for the 
Autumnal Equinox.
Having found the azimuth 
we now know the direction 
of the Rising and Setting 
Sun.  By aligning elements 
in the path of the Sun 
we can observe it from a 
specific location.
To double check my work I 
used TheSky, an astronomy 
software package used 
to model the sky at any 
place and any time.  When 
Using TheSky, set for the 
Winter Solstice, we find 
that our new calculations 
very nearly duplicate those 
found previously.
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The Image above shows the path of the Sun 
(in red) around the Earth.  On the path the 
time is listed and lines radiating out indicate 
the time and azimuth of the rise and set.
Date   Azimuth
   Rise Set
Vernal Equinox  89.3° 271.0°
Summer Solstice  57.3° 302.7°
Autumnal Equinox 89.1° 270.7°
Winter Solstice  121.0° 239.1°
Comparison of Free Onlines Software and 
TheSky Astronomy Software.
Free Online Software TheSky  
Winter Solstice
Sunrise
Azimuth   121.0°  120° 52’ 46”
Time         8:03  8:02
Sunset
Azimuth  239.1°  238°53’11”
Time       17:16  17:15
From the results of this comparison, The Sky 
is a more accurate software tool but the Free 
Online Software is within one degree and 
acceptable for our purposes.
Image created using TheSky software 
set for Winter Solstice Sunrise.
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Chapter One:
Stonehenge
Appendix II:
Case Studies...
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Overview:
Stonehenge has been a place 
of mystery and  fascination for 
thousands of years.  When the Romans 
conquered England they found 
Stonehenge and it was already ancient 
ruins.  The monolithic monument is 
located alone in the plains of South 
Britain near the town of Salisbury. 
Carbon 14 dating suggests that early 
construction was started as early as 
3,100 BC, over 5,000 years ago.  It 
is unknown exactly what it looked 
like in its prime or what the original 
function was but the astronomical 
alignments from stone to stone are 
undeniable.
Site Features:
Stonehenge evolved over hundreds of 
years as the construction was added to 
and adjusted.  It contains a variety of 
features.  The entire site is surrounded 
by a ditch and mound.  The tall stones 
are known as sarsons and the smaller 
stones are known as blue stones. 
Around the stones are circles of chalk 
filled holes known as Z holes, Y holes 
and Aubrey Holes.  Just off the main 
axis is the Heel Stone.  
It has long been known that the Heel 
Stone from the center of the circle is 
in alignment with the rising sun on 
the Summer Solstice.  In the 1960s 
an astronomer named Dr. Gerald 
S. Hawkins took a closer look at 
Stonehenge.  Plotting the exact points 
of each stone and site feature into 
an early computer with the known 
locations of rising/setting sun, moon, 
and stars he was astonished when 
the results surpassed his hypothesis. 
The amount of alignments was 
undeniable.  This site was constructed 
with a design in mind.  Both the sun 
and moon showed several alignments, 
while the stars had none.  The majority 
of the alignments related to the center 
of the circle, and station stones 93 and 
94.  This new information opened up 
the floodgates of interest in the site, 
and gave rise to new questions about 
its purpose.
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In addition to finding the alignments 
of the stones in the site, Hawkins 
proposed a purpose for the chalk 
filled holes in the site.  Eclipses occur 
on a cycle of every 18 years, 18 years, 
and 19 years.  The total cycle takes 56 
years to complete before it starts over. 
It just happens that there are exactly 
56 Aubrey Holes.  If each hole were 
to represent a year, with 3 markers 
representing the eclipse years, 
someone could move the markers 
from one hole to the next once a year 
until one reached a designated eclipse 
hole.  The same thing could be done 
with the Y and Z holes, only these 
would be used to find the exact day of 
the year that the eclipse would occur.
Project Relevance:
Stonehenge serves as a perfect 
example of a unique landscape that 
relates to astronomy.  The site acts 
Aubrey Circle 
with marker stones
Image from Stonehenge Decoded 
Hawkins, Gerald
like a giant compass that points to 
the rising and setting of the sun and 
moon.  It also acts like a computer 
for predicting eclipses.  On top of its 
technical attributes it is beautifully 
designed.  With circular forms and 
repetition of pattern and materials, 
it is an exercise in geometry 
and aesthetics.  It has stood for 
approximately 5,000 years and still 
holds much of its original form.
Plan from From Black Land to Fifth Sun Fagan, Brian
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Diagram of Stonehenge Alignments : Numbers refer to Declination
Image from Stonehenge Decoded Hawkins, Gerald
Aubrey Circle 
with marker stones
Image from Stonehenge Decoded 
Hawkins, Gerald
G 92 Midwinter Moonsise
A Center Midwinter Moonsise
D Center Midwinter Moonsise
91 92  Midsummer Sunrise
Heel Center  Midsummer Sunrise
94 93  Midsummer Sunrise
F Center Midwinter Moonsise
91 Center Midsummer Moonsise
H 93 Midwinter \Sunrise
G 94 Midwinter \Sunrise
92 93 Midsummer Moonsise
92 91 Midwinter \Sunset
Position       Seen from            Object
93 94 Midwinter \Sunset
93 Center Midwinter Moonset
94 G Midsummer Sunset
94 91 Midwinter Moonset
Heel  94 Equinox Moonrise
B 94 Equinox Moonrise
F 93 Equinox Sunrise
C 94 Equinox Sunrise
E 94 Equinox Moonrise
93 F Equinox Sunset
94 C Equinox Sunset
94 D Equinox Moonset
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Chapter Two:
Mounds State Park
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Diagrams from Regional 
SHPO Conference booklet. 
Indianapolis, IN June 10, 1999
Mounds State Park is located in 
Anderson, Indiana just off the White 
River.  This earthwork was created 
by Native Americans approximately 
2,000 years ago.  Donald Cochran, a 
professor of Archeology at Ball State 
University, has worked extensively 
with the research behind the site and 
is inpart responsible for discovering 
the astronomical alignments.  The 
circular section of the Great Mound 
below shows where small changes 
in the topography of the surrounding 
embankment align over other 
earthworks to the Sunset on the Winter 
and Summer Solstices  Although the 
change in topography may appear 
small, when standing in the center of 
the Great Mound, it becomes a very 
apparent window for viewing the 
event.  The changes in topography 
give views through the embankment 
that are otherwise obscured at other 
points.  The embankment of the Great 
Mound may have been created as an 
artificial horizon, given that Indiana 
is very flat and no distant hills could 
be used.  Upon further investigation 
the location of old postholes also give 
alignments.
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Chapter Three:
Nancy Holt
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Nancy Holt:
Perhaps the most well known 
astronomical designer of this era, 
Nancy Holt, has been creating site-
specific sculptures for the last 30 
years or more.  Alignments the Sun, 
Moon, and stars have been a popular 
theme in her works over the years.
Sun Tunnels – 1973 to 1976
Great Basin Desert - Utah
The best known work of hers is 
probably Sun Tunnels.  This massive 
piece was constructed from four large 
concrete pipes that align on the rising 
and setting of the sun on the summer 
and winter solstices.  The patterns 
of holes on the sides of the tunnels 
correspond with constellations
Sun Tunnels Photos by Brooks Brady
Annual Ring – 1981
Federal Building Grounds
Saginaw, Michigan
The Annual Ring is a sculptural piece 
that sits in a ring of grass in a plaza of 
the Saginaw Federal Building.  The 
large steel “cage” contains openings 
and becomes an exercise in shadows 
on the landscape.  15 feet tall and 
30 feet wide it appears to be a half 
buried sphere.  At solar noon on the 
Summer Solstice, the shadows from 
the structure are cast as a circle into 
a ring in the lawn.  Other openings 
in the sphere frame the view of 
the rising and setting sun on the 
equinoxes.  When someone stands 
in the center of the ring in the lawn 
and looks North at night they will see 
Polaris, The North Star, framed in yet 
another circle.
Annual Ring Photo from 
Sculpting with the Enviornment 
Oakes, Baile
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Chapter Four:
Baile Oakes
Design Under the Sky, Astronomy in the Landscape94 Craig A. Rowe 2005 95
Baile Oakes:
Designer, artist, and author, Baile 
Oakes has made a name for himself.  
His work focuses on understanding 
the systems of the Earth.  Much of 
his work is directed toward the sun, 
sand and water.  
Gestation –  1990
Palisades Park 
Santa Monica, CA
Gestation is a Sculptural Spiral that 
acts as a window for the sunset on 
the winter solstice.  It is a functional 
part of the landscape as a bench or as 
an object to play on.
Gestation Photos by Baile Oakes
Solar Calendar - 1996
Solar Learning Center
Hopland, CA
The Solar Calendar shows the 
passing of time over the span of a 
year.  A six-foot brass staff to casts 
shadows and can be moved from one 
hole to another.  Stones mark the 
Solstices and Equinoxes. Solar Calendar Photos by Baile Oakes
Play Area/Solar Garden - 1996
Solar Living Center
Hopland, CA
The Play Area and Solar Garden of 
the Solar Living Center incorporate 
a variety of elements for fun and 
education.  Solar cells, water pumps 
and a climbable center piece are 
just parts of the experience.  The 
playground tower center piece has 
holes in it pointing to the sunrises 
and sunsets of the solstices and 
equinoxes.
Solar Garden Photo by Baile Oakes
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Chapter Five:
Other Case Studies
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Solar Burn – Chateau D’ Oiron
Lorie Valley, France
Baile Oakes – 1993
Spiral burn created from the sun’s 
light through a magnifying glass.  
Star Axis
New Mexico
Baile Oakes – 1971
Massive outdoor observatory 
designed on star geometry.
Single Digital Sundial
Maribor, Slovenia
Robert Adzema – 1986
Large “Digital” Sundial 
composed of a thin concrete 
shell.
Sundial Bridge at Turtle Bay
Redding, CA
Santiago Calatrava - 2004
The support for the bridge acts 
as a giant sundial casting its 
shadow into the neighboring park.
Chaco Canyon
American South-West
The Anasazi Indians of Chaco 
Canyon displayed a hight 
understanding of astronomy 
and reflected it through their 
construction.  They built a network 
of villages along straight paths over 
great distances.
The Pyramid at Kokulcan at 
Chichen-Itza
At dusk on the Equinoxes shadows 
are cast upon the stairs of the temple 
giving them the appearance of a 
diamondback rattle snake.
The Great Pyramid at Cheops
This pyramid design was precisely 
aligned to the cardinal directions.
The Temple at Karnak, Egypt
Sun on the Summer Solstice 
illuminates the statue of Ra.
The Ruins of Abu Simbel, Egypt
Sun illuminates the statue of 
Ramses II on the time of his jubilee 
celebration.Sundial Bridge Photos from 
www.pixelmap.com
Light-Dagger Photo from 
www.cpluhna.nau.edu
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